Introduction β-Thalassemia is a common inherited hematologic disorder caused by reduced or absent β-globin chain production with resulting anemia [1] . The most severe phenotype is β-thalassemia major (BTM), which is usually diagnosed in the first 2 years of life. Patients with BTM face a lot of complications resulting from the nature of the disease itself, lifelong packed red blood cell transfusion, and adverse effects of iron chelators [2] . Iron overload is a major problem among those patients especially with improper iron chelation. Liver and heart diseases are well known complications of iron overload among thalassemics and represent major causes of death [3, 4] . Recently, a much less commonly described complication is obstructive sleep apnea (OSA) in thalassemia major [5] . OSA is not an uncommon problem in pediatric age group, with prevalence of 1-4% among lean children [6, 7] ; however, it tends to increase among overweight children to reach 16% [8] . Few reports are available about sleep disorders in children with chronic anemias [9] . In this work, we described OSA in a group of children with BTM and identified its relationship to other characteristics of patients.
Participants and methods
A cross-sectional study was conducted on 124 children (from 6 to 18 years old) with BTM from Pediatric Hematology Unit (Out Patient Clinics). The diagnosis with BTM was based on hemoglobin electrophoresis and the regular need for packed red blood cell transfusion [10] . In our center, the protocol of transfusion is to keep hemoglobin level above 8 g/dl. None of the patients in the study group underwent stem cell transplantation. Moreover, the study did not include patients with other comorbidities such as congenital cyanotic heart disease, upper airway obstruction secondary to congenital craniofacial
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. anomalies, subglottic stenosis or tracheomalacia, patients with neuromuscular disorders, or those having acute upper respiratory tract infection in the past 2 weeks. Obese children (defined as BMI at or above the 95th percentile for children and teens of the same age and sex) [11] were excluded from this research. All procedures performed in studies involving human participants were in accordance with the ethical standards of the Mansoura University and Institutional research Board and comparable ethical standards. All parents of participants in the study agreed to be included in the study with their written informed consent.
Patients were subjected to ear, nose, and throat (ENT) examination for any identifiable cause of upper airway obstruction by the same ENT physician including physical examination as well as lateral radiography film of the nasopharynx. All patients were subjected to history including history of splenectomy. Serum ferritin level within the past 4-6 weeks before the study was also recorded.
Patients' guardians were asked to answer questions of sleep-related breathing disorders (SRBD) scale extracted from pediatric sleep questionnaire (PSQ) [12] for evaluation of sleepiness and snoring. It consists of 22 items; each one will be answered by yes=1, no=0, or do not know=missing. The score is obtained when dividing the number of items answered positively by the sum of that answered both positively and negatively and excluding items answered as do not know. Scores greater than 0.33 are considered positive and suggestive of high risk for OSA [13] .
In addition, they were scheduled for polysomnography (PSG) at Sleep Laboratory Unit, Chest Medicine Department, Mansoura University Hospital. Only 20 of 66 patients with positive score (>0.33) agreed to be subjected to an overnight PSG for sleep study. Patients presented to the sleep laboratory at 8:00 p.m. and were discharged at 7:00 a.m. the following day. One of the parents or caregiver was allowed to stay with the patient. The test was done by expert technicians in sleep laboratory. Written consents were obtained from patients' parents before their children were enrolled in this study in accordance with declaration of Helsinki. PSG data were recorded by a computerized polysomnographic system (SOMNO Screen TM plus; SOMNO Medics, Germany). This included a standardised montage: two channel electroencephalograms (C4/A1, C3/A2), bilateral electrooculograms, submental electromyogram, bilateral leg electromyograms, and ECG. Airflow was measured using a thermistor (Healthdyne Technologies, SOMNO Medics, Germany), respiratory effort was assessed by inductance plethysmography, and oxygen saturation was recorded using a finger probe. The oxygen saturation signal was digitally sampled at 1 Hz and stored both on the PSG record and in a separate monitor for offline analysis. PSG data were interpreted by the same trained pulmonologist who is experienced in pediatric PSG. All events were scored in accordance to the criteria designed by the American Academy of Sleep Medicine [14] . Sleep efficiency was defined as the percentage of total sleep time (TST) per the total time in bed. The arousal index was the number of arousal events per hour of TST. Arousals induced by the technician were not counted. Central, obstructive, and mixed apneic events were scored according to American Academy of Sleep Medicine criteria [14] . OSA was diagnosed if the patient demonstrated events of obstructive apnea-hypopnea at a rate of greater than or equal to 1 per hour TST [obstructive apnea/ hypopnea index (AHI) ≥1 per TST]. The severity of OSA and hypoventilation were categorized as mild, moderate, and severe in accordance with criteria previously described by Katz and Marcus [15] .
Statistical analysis
Data were analyzed using SPSS version 21 (statistical package for the social sciences; SPSS Inc., Chicago, Illinois, USA). Continuous variables were presented as mean±SD for quantitative parametric data and median (minimum and maximum) for quantitative nonparametric data. Comparison between two independent mean groups for parametric data was done using Student's t-test. Comparison between two independent groups for nonparametric data was done using Mann-Whitney test. Ranked Spearman's correlation test was done to study the possible association between each two variables among each group for nonparametric data. χ 2 -Test was done to study the association between each two variables or comparison between two independent groups regarding the categorized data. Results were considered significant when the probability of error is less than 5% (P<0.05). 
Results

Discussion
A lot of complications have been described among patients with BTM; however, available data about sleep-related complications are limited. In this study, we described one of sleep-disordered breathing problems among those patients, which is OSA, and it was correlated with various features of patients.
Obesity was excluded from the study group, as it is an important risk factor for OSA [16] . A high percentage of the study group experienced adenotonsillar hypertrophy (44%). This may be secondary to persistent lymphoid hyperplasia, which is suggested to be the reason for nasopharyngeal airway narrowing even in normal children [17] ; however, the exact mechanism is not fully elucidated. Furthermore, extramedullary hematopoiesis is considered a cofactor in chronic hemolytic anemia [18] . Moreover, compensatory lymphoid hyperplasia as well as recurrent infections by encapsulated organisms are common after splenectomy [17] .
As SRBD scale extracted from PSQ [12] is widely used for many research and clinical purposes to screen OSA in children [13, [19] [20] [21] [22] , we relied upon it during screening of OSA for the study group.
The diagnosis of OSA was based upon the presence of AHI greater than or equal to 1 [14] . Fifteen of 20 patients who agreed to undergo overnight PSG were diagnosed to have OSA (12%) of the patient group, which was higher than previously reported prevalence (8.3%) by Sritippayawan et al. [5] . Perhaps this was owing to the use of PSQ during screening of OSA among our patients, whereas the latter study was based on the presence or absence of habitual snoring during their screening. Nevertheless, our study's accuracy could have been affected, as we do not know if it underestimated or overestimated OSA, because only a small number of patients with positive questionnaire (20/66) were assessed using PSG. On comparing the different clinical and laboratory characteristics between OSA and non-OSA groups: the age of patients with OSA was significantly higher than those without OSA whereas BMI of OSA group was significantly lower than of the non-OSA one. This may be in part as a consequence of long-lasting chronic anemia together with iron overload-related complications and growth retardation especially in older patients [23] . From another point of view, lower BMI can be a result of OSA which was previously known to be accompanied by growth impairment secondary to low levels of insulin-like growth factor-I, insulin-like growth factor-binding proteins, and possibly growth hormone release [24] .
No significant difference was noted among both OSA and non-OSA groups regarding adenotonsillar hypertrophy. It is consistent with the result of Sritippayawan et al. [5] . It seems that adenotonsillar hypertrophy is not the only mechanism behind OSA in thalassemia. This is supported by Chan et al. [25] who failed to find any statistically significant difference in MRI measurements of the upper airway between OSA and non-OSA β-thalassemia intermedia children and adult patients; however, the accuracy of the results was limited by the small sample size.
Serum ferritin was significantly higher in patients with OSA than those without OSA. Sritippayawan et al. [5] had similar results. It was suggested that hyperferritinemia is a significant finding in patients with BTM with OSA as it reflects the severity of the disease with more frequent blood transfusion, abnormal facial bony changes, and alteration of the upper airway dimensions [5] . Moreover, it was speculated before that hyperferritinemia is considered an inflammatory biomarker in OSA [26] [27] [28] . Moreover, this was supported by positive correlation between serum ferritin levels and PSQ score. On the contrary, Tarasiuk et al. [9] studying the sleep disruption among β-thalassemia and congenital dyserythropoietic anemia did not report OSA among any of the patient group, but the most distinguishable laboratory characteristic was much lower serum ferritin (413.7 ng/ml) than that of our patient group. This emphasizes that hyperferritinemia is a common feature among patients with thalassemia complicated with OSA.
Sleep efficiency was significantly lower in OSA in comparison with non-OSA groups; this sleep disruption is mostly owing to frequent arousals with nocturnal apnea and hypopnea [9] . Unlike basal O 2 saturation, which was normal and statistically insignificant in both OSA and non-OSA groups, minimum SpO 2 saturation was significantly lower in OSA group than that of the other group without OSA. The reason for that may be the normal awake O 2 saturation causing normal basal SpO 2 and the intermittent oxygen desaturations with lower nadir O 2 saturation during sleep resulting in lower minimum SpO 2 which is highly suggestive for OSAS [29] .
Conclusion
Patients with BTM face a lot of complications including sleep-related problems particularly OSA. Older aged patients with higher serum ferritin tend to be more vulnerable to OSA. SRBD scale extracted from PSQ may be helpful for screening of the presence of OSA symptoms in thalassemics, and PSG assessment is recommended for those having OSA symptoms. Further researches studying the validity of PSQ among thalassemics comparing its results with PSG results, which is the gold standard for diagnosis of OSA, are recommended.
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